essential amino acids (5, 12) has been found by Kopple and Swendseid to be a function of protein intake rather than of uremia, as was also the similar relationship between the plasma valine/glycine ratio and protein intake (12) .
Ganda and co-workers discussed the almost four-fold elevated glycine/serone ratio in anephric dialysis patients, and the similar but more modest increase of that ratio in non-nephrectomised dialysed patients (2) . This difference can be explained by the kidney being the main production site of serine from its precursor glycine.
The well-established decreased ratio of tyrosine/ phenylalanine in dialysis patients has been attributed to the inhibition of 4-phenylalanine hydroxylase, the enzyme catalyzing the conversion of phenylalanine to tyrosine (13). Letteri, however, has obtained evidence that plasma phenylalanine levels are elevated because of delayed removal from the plasma pool by impaired utilization of this amino acid for protein synthesis (14) . Pharmacokinetic studies by Chami et al (3, 15) indicated decreased metabolic body clearances for threonine, phenylalanine, valine, leucine, and isoleucine after intravenous administration of essential amino acids in dialysis patients.
The decreased ratios of histidine/1-methylhistidine and histidine/3-methylhistidine are considered to be the result of an accumulation and increased production of 1-and 3-methylhistidine, as well as a consequence of enhanced muscle protein catabolism (16, 17) . Prolonged dialysis did not change the pre-dialysis methyl histidine concentration (7) .
The abnormal tryptophan metabolism in dialysed uremics was studied by Gulyassy and co-workers (10), who found increased levels of free plasma tryptophan and decreased binding of the amino acid to albumin. Since the cerebrospinal fluid is only accessible for free tryptophan, the elevated levels might lead to disturbances in 5-hydroxytryptamine synthesis and to neurological symptoms.
Plasma citrulline concentrations have consistently been found to be much increased (3, 7) and may originate from diminished activity of the arginase synthetase complex (18) .
Recently, an accumulation of cystine and the mixed disulphide cysteinehomocysteine was reported in patients on hemodialysis (9). Homocystine, not detectable in normal subjects was present in 50% of the patients. The accumulation of the sulphur containing amino acids is attributed to alterations in metabolic pathways as discussed by Wilcken and Gupta (19) .
Finally the three-fold elevated level of free hydroxyproline as reported by Phillips (7) might reflect enhanced release from bone and cartilage (20) .
Studies on the immediate effects of the dialysis itself on free plasma amino acids have been relatively scarce. As stated earlier, comparisons between these studies is hampered by differences in experimental conditions and design. Clearly, alterations of plasma amino acids after dialysis will depend on the type of dialyser, the flow rate of blood and dialysate, pre-dialysis levels etc. Although total free amino acid levels fall by ± 40% after dialysis (2, 4, 21). Hecking (8) has reported no significant changes for most of the individual amino acids after 12 hours of dialysis. Only glycine, alanine and phenylalanine showed a significant decrease whereas leucine was even elevated. Apparently, the plasma pool is replenished rapidly, but not from the cell-compartment in the blood (2). Metcoff observed increased free amino acid contents and enhanced protein synthesis in post-dialysis leucocytes, the meaning of which is not clear (22) . Details about the kinetics of the replenishment as measured on changing amino acid levels during the dialysis treatment are not available. MeGa Ie and co-workers documented that within three hours after a 1O-hour dialysis, the pre-dialysis free plasma amino acid levels were restored (21) . From the same study it appeared that dialysis affected free amino acid levels in cerebrospinal fluid to a far lesser extent.
Amino acids in normal and uremic plasma occur both in free and peptide bound form (8, 16, 23) . The factors governing the concentrations and compositions of the different peptides in normal and uremic plasma are largely unknown. Losses of amino acids in the dialysate may amount to 4-8 grams of free amino acids (8, 23) and 6-12 grams of total (free plus peptide-bound) amino acids (8, 23, 24) per dialysis. Despite a constant protein intake, amino acid losses during periods of some months revealed considerable intra-individual fluctuations (24) . One of the factors influencing the loss of free amino acids into the dialysate has been proven to be the pre-dialysis levels. There existed a highly significant dependency on these levels (8) . In the same study no relationship between clearance and molecular weight of the individual amino acids was found. Young and Parsons reported on the total alpha-amino nitrogen concentration in dialysate during hemodialysis and observed a sharp fall in the first two hours (25) . The time course of free plus peptide-209 bound amino acid concentrations in dialysate revealed impressive losses in first two hours for alanine, proline, and glycine. By contrast, the losses of methionine, phenylalanine, isoleucine, leucine and valine remained fairly constant during the observation period of 5 hours (24) .
The total (free plus peptide-bound) amino acid losses amount to only 3-4% of the weekly dietary protein intake (24) . Nevertheless, some attemps have been made to counteract these losses during or after hemodialysis, as discussed by Hecking et al (8) . Intravenous substitution during the dialysis treatment seems inefficient and poorly tolerated. Substitution in dialysate is expensive and ineffective. Adding glucose to dialysate decreased the losses of free amino acids and, in the fasting state, of bound amino acids (23) .
Keeping in mind again possible effects of differences in experimental design and methods, the results of four supplementation studies (7, 26, 27, 28) can be summarized as follows. In each of these investigations, 10-16 patients on regular hemodialysis participated, having oral essential amino acid supplementation plus histidine to a total of 8.8-15 grams per day. The patients were also on liberal diets, containing 1 gram of protein per kg body weight daily for 3-6 months. In one study the abnormal pre-dialysis plasma amino acid pattern became normal after supplementation (7). Ulm and co-workers noted no improvement of plasma amino acids (28), whereas only minor changes for phenylalanine, lysine (27) and abnormal high methionine concentrations were observed (26) . A moderate improvement of some of the current parameters of protein metabolism could be detected. Adding alpha-keto amino acid analogues to the essential amino acids had no additional beneficial effect (28) .
The disappointing effects of amino acid supplementation are in accordance with the views of Furst. He considered supplementation unnecessary in dialysis patients who consume enough protein (> 1 g/kg body weight per day). Measurement of intracellular amino acids in muscle revealed normal values in such patients (11) . The data mentioned so far are partly in contrast to earlier observations of Heidland and Kult who found beneficial effects from intravenous essential amino acid given in the last 90 minutes of dialysis (29) . This discrepancy is difficult to explain and is interesting enough to warrant further study.
In conclusion, it appears that daily oral essential amino acid supplementation has no beneficial effects in well-nourished patients on a liberal diet containing 1 gram of protein per kg of body weight per day.
